Inflammatory myofibroblastic tumor (IMT) is an uncommon myofibroblastic neoplasm that was formerly included within the broad category of inflammatory pseudotumor (IPT). IMT is rarely encountered in the liver. Similar to IMT of other organs, the interchangeable use of the terms IMT and IPT in liver has made the analysis of these lesions difficult. In this review, clinical and pathological features of IMT of the liver are reviewed and the differential diagnosis of IMT is discussed, with emphasis on IPT and the other entities included in this large category. IMT can mimic malignant tumors. There are no known unique diagnostic clinical, laboratory, or radiological features. The definitive diagnosis of IMT depends on careful pathological examination. The histopathological evaluation of hepatic IMT reveals that, the myxoid/vascular pattern is the most frequently observed, followed by, in decreasing frequency, fibrous histiocytomalike pattern and hypocellular fibrous pattern. In IMT of the liver, anaplastic lymphoma kinase (ALK) expression reliably predicts the presence of an ALK gene rearrangement. The diagnosis of hepatic IMT depends on the dominant histopathological pattern, and the management of the disease is still controversial. IMT of the liver is a distinctive neoplasm of intermediate biological potential, and should be distinguished from the variety of lesions that are included under the broad category of IPT. Therefore, to avoid confusion regarding the true incidence and behavior of hepatic IMT, the term IPT should not be used interchangeably with IMT. The rarity of IMT in liver should not minimize its consideration in the differential diagnosis of liver tumors, especially in patients with tumor markers in normal range.
Introduction
Inflammatory myofibroblastic tumors (IMTs) are uncommon neoplasms, and reports of them are increasing in the literature. These lesions can be found in various tissues and organs in the body. IMTs were formerly included within the broad category of non-neoplastic fibroinflammatory and neoplastic lesions referred to as inflammatory pseudotumor (IPT). [1] [2] [3] However, over the last two decades, several studies have demonstrated distinctive, clinical, pathological, and molecular features relative to IPTs. [1] [2] [3] At present IMTs are classified as a neoplasm of intermediate biological potential due to a tendency of recurrence, and the rare incidence of distant metastasis. 4 Despite this classification in the current World Health Organization Histological Typing of Soft Tissue Tumors, 4 the terms IMT and IPT have been used interchangeably in the past.
Since the first description of hepatic IPT by Pack and Baker in 1953, 5 over 300 cases have been reported. Until recently IMT of the liver fell within the broader definition of IPT. In this review, clinical and pathological features of both IPT and IMT of the liver are reviewed; in addition, the differential diagnosis of IMT will be discussed, with emphasis on IPT and the other entities included in this large category.
Clinical features
Published data suggest that recognition of IPT of the liver is increasing in frequency in the Far East. 6 In a study of resected focal lesions in 403 patients, the incidence of hepatic IPT was reported to be 0.7%. 7 IPT presents in men in their 30s and 40s, and is frequently associated with symptoms such as fever, abdominal pain, jaundice, and weight loss. 8 On the other hand, hepatic IMT is very rare, and the real incidence is not known. Recently, Tang et al. 9 analysed 64 cases diagnosed as IMT of the liver and observed that they had similar age and gender distributions as IPT. The most common clinical presentation was abdominal pain followed by fever and no symptoms. 9, 10 This is in contrast to IMT in other anatomical locations that are more common in children and adolescents with a slight female preponderance.
itself could produce CA 19-9. 12 Since the increase of this marker is also observed in patients with benign diseases of the hepatobiliary tract, it has been suggested that the increase in CA19-9 is not suitable for the diagnosis of IPT. 13 While AFP levels are valuable in the discrimination of both conditions from malignant epithelial tumors, they cannot completely rule out malignancies where AFP levels may be normal such as fibro-lamellar hepatocellular carcinoma. 13 In addition, radiological findings of these lesions are not specific, and their discrimination is not always possible [8] [9] [10] ( Fig. 1 ). Although multiple IPTs or IMTs of the liver are described in some reports, 14, 21, [31] [32] [33] they are mostly solitary lesions. 8, 9 Both IPT and IMT of the liver are more likely to involve the right lobe of the liver, with rare cases reported in the Spiegel lobe and hilar region. [8] [9] [10] [14] [15] [16] Although the exact etiology of IPT of the liver is unclear, infective agents have been considered, including actinomycosis, nocardia, and bacterial abcesses. [17] [18] [19] More recently, the role of the biliary steroid lithocholic acid to the formation of IPT in the liver has been proposed. 20 The etiology of hepatic IMT is not completely clear, although the demonstration of cytogenetic anomalies support a neoplastic origin. [1] [2] [3] 11 The definitive diagnosis of IMT rests on pathological evaluation since there are at present no known unique diagnostic clinical, laboratory or radiological features.
Pathological features
Grossly, both IPT and IMT have variegated appearances, and are generally unencapsulated. They typically have firm, fleshy, or gelatinous cut surfaces that rarely show hemorrhage, necrosis and calcification (Fig. 2) .
Regardless of the organs of origin, the histolopathology of IMT of the liver is similar. Three basic histological patterns are often seen in combination within the same tumor: a myxoid/ vascular pattern, a compact spindle cell pattern, and a hypocellular fibrous pattern. 1 The myxoid/vascular pattern has a fasciitis-like appearance, with loosely arranged plump spindle cells in a myxoid stroma and a prominent vasculature. The inflammatory infiltrate in these areas often contains fewer plasma cells than the other two patterns. The compact spindle cell pattern is characterized by a cellular proliferation of spindle cells with fascicular or storiform architecture in a collagenous stroma resembling fibrous histiocytoma.
Numerous plasma cells and lymphocytes are present. The fibromatosis-like pattern is hypocellular, with elongated spindle cells, collagenous stroma, and scattered lymphoctyes. In IMT of the liver, the myxoid/vascular pattern is frequently observed followed by, in decreasing frequency, the fibrous histiocytoma like pattern and the hypocellular fibrous pattern ( Fig. 3a-c) . 9 The spindle cells of IMT are typically uniform. Mild nuclear pleomorphism may be seen, but hyperchromasia is absent. Although, mitotic activity is generally low, and atypical mitoses are rare, 1, 21, 23 IMTs may histologically evolve into a morphologically higher grade lesion with increased cellularity, marked nuclear atypia, frequent mitoses, atypical mitotic figures, and/ or necrosis. 1, 22, 23 The cytological features of the morphologically higher grade tumors are variable, and include hypercellular spindle cell, epithelioid/histiocytoid, or round cell morphology. 1, 22, 23 There has been only one such case reported in the liver, a 34 year old man with hepatic IMT with round cell morphology with an unfavorable outcome. 24 
Molecular features
Rearrangements involving the anaplastic lymphoma kinase (ALK) locus on chromosome 2p23 have been documented for both pulmonary and extrapulmonary IMTs, providing further evidence for the neoplastic nature of these lesions and their distinction from IPT. 3, 25 By immunohistochemical analysis, approximately 50 to 60% of IMTs are positive for ALK.
1 A positive test is more commonly observed in younger patients but is not restricted to this population. 3, 21, 26, 27 It is now known that ALK expression in IMT reliably predicts the presence of an ALK gene rearrangement. 2, 3, 28 Recently ALK expression was reported in a few IMTs of the liver, including one recent case from our institution (Fig. 3d) . 3, 24, 27, 29, [30] [31] [32] [33] In IMT, localization of ALK within the cell appears to be determined by its fusion partner, and the pattern of ALK immunostaining may correlate with the specific gene fusion. 2,34 RANBP2-ALK fusion was present in only one case of hepatic IMT with an aggressive course. 24 However, at present, it is not possible to draw a conclusion about this finding, and more cases are required to verify this possibility.
Differential diagnosis
Differential diagnosis of hepatic IMT relies on the dominant histopathological pattern. The compact spindle cell pattern of hepatic IMT must be differentiated from metastatic sarcomatoid carcinoma, spindle cell sarcoma, and spindle cell melanoma. However, most of these tumors show at least focally prominent nuclear hyperchromasia, atypical mitosis, or necrosis. Moreover, plasma cells are not a prominent component of these tumors. 11 Gastrointestinal stromal tumor (GIST) may also be considered in the differential diagnosis because, similar to IMT, an inflammatory infiltrate may be seen in GIST. However, it is patchy and plasma cells are not frequent. In contrast to IMT, GIST is consistently positive for c-kit (CD117) immunostaining. 2, 35 In some cases, differentiation of IMT with compact spindle cell pattern from follicular dendritic cell tumor/sarcoma may be difficult. In the latter tumors, the absence of plasma cells in the evenly distributed inflammatory infiltrate and the presence of CD21, CD23, and CD35 are useful findings to discriminate them from IMT.
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In the differential diagnosis of the fibromatosis-like or hypocellular pattern of hepatic IMT, solitary fibrous tumors (SFT) and calcifying fibrous tumors (CFT) must be considered. SFTs are positive for CD34, which is consistently negative in IMT. On the other hand, while cellularity in IMT is variable, CFT is uniformly hypocellular, with scattered dystrophic calcifications. 36 Reactive processes dominated by granulation tissue may mimic the myxoid-vascular pattern of hepatic IMT. 11 An organized vascular pattern, necrosis, and prominent inflammation in the adjacent tissue are important histological clues to a reactive process.
Hepatic IPT versus IMT
IPTs are characterized by the proliferation of fibroblasts or myofibroblasts and inflammatory cell infiltration composed of lymphocytes and plasma cells (Fig. 4a-c) . In a recent study, Zen et al. 37 classified hepatic IPT into two types: fibrohistiocytic-type and lymphoplasmacytic type. While, fibrohistiocytic-type IPT (FH-IPT) was associated with xanthogranulomatous inflammation and multinucleated giant cells, the lymphoplasmacytic-type IPT (LP-IPT) was histologically characterized by diffuse inflammatory cell infiltration, mainly by lymphocytes and plasma cells. They also demonstrated that the two types differed not only in pathological features but also in clinical features, location, and shape. FH-IPTs were located mainly in the liver parenchyma with mass-forming characteristics. In contrast, LP-IPTs showed periductal infiltrating-type hilar lesions. Patients with FH-IPT had subjective symptoms (fever, abdominal pain etc.), whereas patients with LP-IPT had liver dysfunction as determined by routine laboratory testing. According to the presence of diffuse IgG4 positive plasma cells in LP-IPTs, it has been suggested that this type could belong to IgG4-related disease. In a more recent study, Yamamoto et al.
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compared the histopathological features with an emphasis on IgG4 expression between IMTs and IgG4-related diseases. They observed that IMTs were distinct from IgG4-related diseases by their ALK expression, low levels of IgG4 positive cell infiltration, and lack of obstructive phlebitis. Moreover, inflammatory infiltrate and fibrosis were not prominent in the peri-tumoral tissue adjacent to IMT. IgG4 likely plays no important role in the pathogenesis of IMT. Because the therapeutic strategy would be different in IMT and IgG4-related diseases, careful pathological examination is necessary to discriminate between these two entities ( Fig. 4d and  Fig. 5 ).
Prognosis and management
IMTs have been classified as tumors of intermediate biological potential because of their tendency for local recurrence and the rare incidence of metastasis. Recently, there has been a search for prognostic factors to guide treatment and predict outcome. Evidence indicates that more aggressive IMT are associated with cellular atypia, ganglion-like cells, p53 expression, and aneuploidy. 21 However, these features were not conclusive in a recent series by Coffin et al. 22 They observed that recurrence was associated with an abdominopelvic site, larger size, and older age of the patient. On the other hand, metastases were more frequently observed in younger patients. They also found that ALK reactivity may be a favorable prognostic factor because all metastatic IMTs in the series were non-reactive to ALK. In IMT of the liver, a few cases with local recurrence and an aggressive clinical course have been described. 24 For this reason, it is not possible to delineate the prognostic parameters that predict aggressive behavior of IMT of the liver.
Management of IMT is controversial. Some authors have advocated a conservative approach with the diagnosis of IMT. 8 However, the natural course of these tumors without intervention is not fully known. Importantly, when recurrences occur, it is usually in cases with incomplete resection and no chemotherapy or radiotherapy was provided. Therefore, it is suggested that surgical resection should be recommended for all lesions if not prohibited by anatomic location or morbidity. 9, 10 Recently, it has been proposed that in cases of an unresectable and metastatic ALK-expressing IMT, ALK inhibitors may provide therapeutic benefit and durable responses may be achieved. 38 However, the data is very limited, because of the rarity and indolent course of IMT.
Conclusions
IMT is a distinctive, myofibroblastic neoplasm that shows a tendency for local recurrence and metastasis. According to literature, IMT of the liver is exceedingly rare, and it can mimic malignant tumors. There are no known unique diagnostic clinical, laboratory, or radiological features, and the definitive diagnosis of IMT of the liver relies on pathological evaluation. Chromosomal translocations leading to activation of the ALK can be detected in IMT of the liver, and immunohistochemistry for ALK expression in IMT reliably predicts the presence of an ALK gene rearrangement. However, its prognostic significance remains to be elucidated. IMT of the liver is different from IgG4-related hepatic diseases in terms of the ALK expression, the low level of IgG4 positive cell infiltration, and the lack of obstructive phlebitis. Management of IMT of the liver is controversial. However, it has been suggested that surgical resection should be recommended for all lesions if contraindicated. Finally, the rarity of IMT in the liver and the lack of diagnostic signs and symptoms should not prevent consideration in the differential diagnosis of liver tumors, especially in patients with tumor markers in normal range.
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